Chemiluminescent imaging of enzyme-labeled probes using an optical microscope-videocamera luminograph.
A chemiluminescent system has been developed for ultrasensitive, quantitative analysis as well as visualization of the spatial distribution of biomolecules such as antigens, enzymes, antibodies, DNA probes in tissue, or cells. The system consists of a low-light imaging Vidicon videocamera connected to an optical microscope, able to measure light at the single photon level and perform 3D image analysis of the subcellular distribution of the analyte. The concentration and the spatial distribution of enzymes, or enzyme-labeled biospecific reagents can be determined using appropriate chemiluminescent substrates. Analytes are also determined with coupled enzymatic reactions terminating in light emission. Oxirane acrylic beads (250-micron-diameter macroporous particles) with immobilized horseradish peroxidase have been used as a model system to optimize the experimental conditions in terms of signal intensity and spatial resolution as a function of different chemiluminescent substrates such as luminol/enhancer/H2O2 and acridancarboxylate ester/H2O2. Localization of oxirane beads immobilized acetylcholinesterase has been also used to optimize a system in which the detection and localization of the primary enzyme involves two secondary enzymes in solution, choline oxidase and horseradish peroxidase, leading to a final light emission. Immunoenzymatic reactions for the detection of viral antigens and in situ hybridization assays for the detection of viral DNAs (cytomegalovirus, herpes simplex virus) have been performed in cells using peroxidase-labeled antibodies or cDNA probes and the analytical performance of different chemiluminescent substrates for the enzyme has been evaluated. The results obtained showed the possibility to sharply image the bioprobes in single cells and peroxidase is a suitable label when luminol/H2O2 system is used in conjunction with enhancer as in the ECL and SuperSignal Ultra reagents; other substrates such as Lumigen PS-3, despite adequate detectability, showed problems of localization of the signal as a result of the relatively long half-life of the excited emitting species and its diffusion in the chemiluminescent cocktail. The system has proven to be highly sensitive, able to perform quantitative analysis, and relatively simple.